Process for preparing of full-function helper virus used for producing recombinant 
adeno-associated virus and uses thereof 

The present invention relates to the field of genetic engineering in virus, particularly to the 
replicating and packaging function system that are necessary for large production of recombinant 
adeno-associated virus (rAAV). The invention relates to a method of producing recombinant herpes 
simplex virus (HSV1-rc) that is loaded with rep-cap genes (403kb) of type2 adeno-associated virus 
(AAV-2) and the use thereof in the production of recombinant adeno-associated virus. The recombinant 
herpes simplex virus can provide the complete helper functions that are necessary for rAAV plasmid to 
be replicated and packaged in cells to be rAAV virus particles, and can be used in large preparation of 
rAAV. The production of HSV1-rc is carried out based on the modification for a set of cosmids (Set C 
cosmid, including cos6, cos14, cos28, cos48, cos56) that contain the full-length genome of rAAV virus 
particle. Lots of infectious rAAV virus particles can be produced by using HSV1-rc to infect the cells 
transfected with rAAV vector plasmid or the cell strain that carry stably rAAV vector plasmid. 
Exogenous genes can be introduced into mammalian cells for expression by using rAAV thus 
produced. 

Adeno-associated virus is a member of parvovirus, with a single-stranded DNA genome consists 
of 4682nt. AAV is a dependent virus of which the replication needs the participation of other viruses 
such as adenovirus or herpes simplex virus, or other helper factors. The genome of AAV will be 
integrated into the chromosome of cells in latency upon AAV infection in the absence of helper virus, 
without generating progeny viruses. 

The full-length genome of AAV-2 has been cloned into the plasmid of E. coli. Two 145bp length of 
inverted terminal repeat sequences (ITR) are contained in the genome. The two ITRs are replication 
origins of AAV genomie and participate in such functions as replication, integration, or package of AAV, 
etc.. The rest parts of the genome are divided into two functional regions, rep gene region and cap 
gene region. The rep gene encodes four different types of products: Rep78, Rep68, Rep52, Rep40, 
which are regulatory proteins necessary for the replication and gene expression of AAV. The cap gene 
encodes three types of structural proteins: VP1, VP2, VP3 which are assembled together into the 
capsid of AAV . The proteins encoded by rep and cap genes are trans-acting proteins in the 
toxicogenic replication of AAV. 

AAV is considered as one of the ideal candidate vectors in gene therapy. A rAAV virus into which 
exogenous genes can be transduced has been constructed in a lot of laboratories. The main structural 
characteristic of AAV vector plasmid is the remove of rep-cap genes from the genome of the virus and 
the substitution of the desired DNA fragment. 

The classical method of producing rAAV is transducing rAAV vector plasmid and a helper vector 
that contains rep-cap genes into the cells that has been infected by adenovirus or herpes simplex virus. 
2-3 days later, rAAV as well as adenoviruses and herpes simplex viruses, can be harvested from the 
supernatant and the pathological cells. Adenoviruses and herpes simplex viruses can be inactivated by 
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heat treatment(at 55°C for 30min to 2hr) without affecting the activities of AAV. 

Although the method of producing rAAV is simple, it still exists a lot of disadvantages. Firstly, cells 
need to be transfected in each preparation of rAAV. One of the factors that result in lower titer of rAAV 
is the low efficiency of transfection and co-transfection due to the restriction of the transfection method 
itself. Furthermore, it is difficult for cells to be transduced on a large scale by transfection method by 
now, accordingly it can't meet the needs of producing rAAV largely. Thus a system and method that 
can be used to produce rAAV largely needs to be studied. 

Yan ziying et al have ever filed a patent application named "A herpes simplex virus vector that can 
be used to pack adeno-associated virus and the use thereof (Chinese patent application number 
96120549.0, publication number CN1159480A) in 1996. The application described that the rep-cap 
genes of AAV-2 are located in the amplicon vector plasmid of HSV1 to construct pHSV-AAV (+/-). The 
plasmid was introduced into cells, and a mixed virus of a wild-type HSV-1 and a pseudovirus that 
contained rep-cap genes were obtained in the presence of the wild-type HSV-1, wherein the mixed 
virus can provide the complete helper function for the replication and package of rAAV. Recently, 
Conway et al (Conway JE et al, Recombinant adeno-associated virus type 2 replication and packaging 
is entirely supported by a herpes simplex virus type 1 amplicon expressing rep and cap J. Virol. 71(1 1): 
8780-8789, 1997) also reported the similar studies. However the pseudovirus in the mixed virus 
occupied a small proportion (<10%), and provided limited helper function; furthermore the proportion 
between the pseudovirus and the wild-type virus is unstable in virus passage, thus unfit for quality 
control in large production. 

The purpose of the invention is to provide a technical method that is used to produce rAAV 
conveniently and largely and a full-function helper virus HSV-rc. The purpose of the invention is carried 
out by providing recombinant cosmid that contain rep-cap genes and the construction method thereof, 
HSV-rc and the construction method thereof as well as the method of producing rAAV by using HSV-rc. 

The full-function helper virus HSV-rc presented in the invention is a recombinant HSV-1 virus with 
the characteristic of a copy of rep-cap genes (4.3KB, the direction is not restricted) being inserted into 
the genome of HSV-1. In the two HSV-rc virus constructed by the invention, rep-cap genes are inserted 
respectively into the site Xbalin UL2 gene (encodes uracil-DNA glycosylase) and UL44 gene(encodes 
glycoprotein C) of HSV-1, and the obtained recombinant viruses are named respectively HSV-rc/AUL2 
(figure 1a) and HSV-rc/AUL4 (figure 1b). The products encoded by UL2 and UL44 genes are not 
necessary for the proliferation and passage of HSV-1 in in-vitro cell culture. Both of the two 
recombinant HSV1 viruses may be proliferated and subcultured stably in HSV sensitive cells (e.g., 
BHK-21). 

The HSV-rc virus generated by the invention is produced based on the modification for a set of 
cosmids (Set C cosmid, including cos6, cos14, cos28, cos48, cos56) (Conningham, C Davision AJ. A 
cosmid-based system for constructing mutants of herpes simplex virus type 1. Virology, 1993, 197:116- 
124) that contain the full-length genome of rAAV virus particle. Firstly, the rep-cap genes of AAV-2 are 
inserted into the genome of HSV-1 contained in one of the cosmids by rcombinant DNA technology. 
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Then the recombinant cosmid that has been Inserted rep-cap genes is cut with the other four 
corresponding cosmids together by enzyme to remove the backbone part of the cosmids before being 
co-transfected into HSV1 sensitive cells such as BHK-21 using liposome method. Recombinant virus Is 
generated through homologous recombination of the five fragments of HSV-1. 

The cells transfected with rAAV vector plasmid that contains reporter gene GFP (Green 
fluorescence protein) are infected by the recombinant HSV1 virus, and the obtained supernatant of the 
cell lysate is used in infecting the cultured mammalian cells, a lot of green cells can be observed under 
fluorescent microscope (the wavelength eradiated is 490nm). The result demonstrates that the rAAV 
viruses generated are infectious, by which exogenous genes can be introduced into cells for 
expression. 

The recombinant plasmid pEBUFS that contains GFP gene is constructed based on the plasmid 
pBDZ(+) (Chinese patent application 97116981.0) in the invention. The plasmid is introduced into 
293c18 cells (ATCC CRL10852, F9766, the gene EBNA1 of EBV is contained and expressed therein), 
and the resistant cell strain HygromycinB thus obtained is named 293c18/EBUF5. A lot of infectious 
rAAV/GFP virus particles may be produced conveniently by using HSV1-rc virus to infect the cell strain 
293c18/EBUF5 that carries stably the rAAV vector plasmid pEBUFS, thus a large-scale production of 
rAAV can be carried out by this method. 

The original biological materials that are used in the invention to construct recombinant HSV-rc 

are: 

Set C cosmids: consist of five cosmids that carry respectively the full-length genome of HSV-1: 
cos6, cos14, cos28, cos48, cos56 (Conningham C, Davision AJ. A cosmid-based system for 
constructing mutants of herpes simplex virus type 1. Virology, 1993, 197:116-124), and is kindly 
presented by Davision AJ. There are terminal repeat sequences between each terminal HSV-1 
fragment loaded in one cosmid and that in another cosmid, which is the basis of homologous 
recombination for the five genome fragment of HSV-1 in cells. 

pSub201: Samulski et al, A recombinant plasmid from which an infectious adeno-associated virus 
genome can be excited in vitro and its use to study viral replication. 

The production method of recombinant virus HSV-rc 

The same strategy and method as producing recombinant virus HSV1-lacZ100 (Wu, XiaoBing et 
al, Chinese patent application number 98101753.3) are used. 

In the HSV-1 genome fragments that are loaded in cos6 and cos56 cosmids there is respectively 
one single enzyme cleavage site Xbal that are located respectively in UL2 and UL44 genes. Rep-cap 
genes are removed from pSub201 by cutting with Xbal, and inserted into the site Xbal in cos6 and 
cos56 to construct recombinant cosmids cos6-rcAUL2 (figure 2a) and cos6-rcAUL44(figure 2b). The 
two recombinant cosmids are preserved in the strain of E. coli DH5a (MAX Efficiancy DH5a, 
GIBCO#18258-012). The strains that respectively contain the two recombinant cosmids have been 
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deposited in China General Mcirobiological Culture Collection Center on September 24, 1998. The 
accession numbers are respectively CGMCC No.0361-1 and CGMCC No.0361-2. 

cos6-rcAUL2 and cos14, cos28,cos48,cos56 together is called Set H (figure 2a), and cos56- rc 
AUL44 and cos6, cos14, cos28, cos48 together is called Set I (figure 2b). The five cosmids of Set H or 
Set I are mixed in equal mol, cut by Pad to remove the backbone of cos, and co-transfected into BHK- 
21 cells by liposome, homologous recombination occurs among the five HSV-1 fragments in cells and 
the recombinant virus HSV-rc is generated: the cells appear pathological 5 days later, and the cultured 
supernatant is collected after complete pathological, and centrifuged at 2000r/min for 5min, and the 
obtained supernatant is sotred at -20°C. The recombinant HSV-rc produced by Set H is named HSV1- 
rcAUL2 (figure 1a), and the recombinant HSV-rc produced by Set I is named HSV1-rcAUL44 (figure 
1b). The probability of producing recombinant HSV-1 that contains target DNA fragment through the 
method is 50-100%. Pure recombinant virus can be easily obtained through plaque screen. 

The preparation of the full-function helper virus used for the producing rAAV and the use thereof of 
the invention are specified in the following examples, which should not be construed as limitations for 
the contents of the invention. 

EXAMPLE 1 the preparation of cosmid DNA 

Cosmid DNA were extracted by the method of alkaline lysis according to Molecular Cloning -A 
Laboratory Manual, 2 nd edition (Sambrook J. et al, 1986), and purified by the method of polyethylene 
glycol precipitation. 

EXAMPLE 2 the preparation of recombinant HSV-rc 

The five cosmids of Set H or Set I were mixed respectively in equal mol, and cut by Pad to remove 
the backbone of cos (separation removal was not necessary), and extracted respectively one time by 
phenol, phenol/chloroform (1:1), the supernatant was removed, and the DNA therein was precipitated 
with 2.5 times absolute ethanol. 20ul Lipofactamine (GIBCO BRL) and 10ug DNA were co-transfected 
according to the product description into 80% confluenced BHK-21 cells (about 2*10 6 cells), 
homologous recombination would occur among the five HSV-1 fragments in cells and the recombinant 
virus HSV-rc would be generated. The cells were cultured at 37 □ in 1640 medium supplemented with 
2% FBS after transfecting for 24h, and the medium was changed one time per day. The cells appeared 
pathological 5 days later, and the cultured supernatant was collected after complete pathological, and 
centrifuged at 2000r/min for 5min, and the obtained supernatant is stored at -20°C. The recombinant 
HSV-rc produced by Set H is named HSV1-rcAUL2, and the recombinant HSV-rc produced by Set I is 
named HSV1-rcAUL44. Pure HSV1-rcAUL2 and HSV1-rcAUL44 could be obtained after two times 
plaque purity of the recombinant viruses. 

EXAMPLE 3 the construction of cell strain 293c18/pEBUF5 

The recombinant plasmid pEBUF5 that contained GFP gene was constructed based on the 
plasmid pBDZ(+) (Chinese patent 
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application 97116981.0), the structure of pEBUFS was shown in figure 3. The plasmid pEBUFS was 
introduced into 293c18 cells (ATCC CRL 10852, F9766) by the method of liposome, and the cells were 
cultured with 200ug/ml Hygromycin B selection for 10-15d, the obtained resistant cell strain was named 
293c18/EBUF5. 

EXAMPLE 4 the cells having been transfected with pAAV-GFP were infected by HSV-rc to prepare 
rAAV-GFP 

The cells transfected with rAAV vector plasmid that contained reporter gene GFP (Green 
fluorescence Protein gene) were infected by recombinant HSV1, the transfected cells were froze and 
thawed for 4 cycles to release rAAV-GFP after pathological, the cell debris were removed by low 
centrifugation, and the supernatant was inactivated at 56°C for 30min for use in infecting cultured 
mammalian cells. 

EXAMPLE 6 the cell strain 293c18/pEBUF15 was infected by HSV-rc to prepare rAAV-GFP 

The cell strain 293c18/pEBUF15 that carried rAAV vector plasmid pEBUF5 stably was infected by 
0.5-5moi HSV1-rc, the cells appeared complete pathological 24-28h later, the cells and the medium 
thereof were froze and thawed for 4 cycles, and centrifuged at 1000r/min for 5min, a lot of rAAV-GFP 
virus were contained in the supernatant. Lots of infectious rAAV/GFP virus particles may be produced 
conveniently by this method, thus large-scale production of rAAV could be carried out. 

EXAMPLE 7 rAAV viruses were transduced into cultured cells 

1ml supernatant of rAAV-GFP viruses were added into the cultured BHK cells (with 80% 
confluence), a lot of green cells could be observed under fluorescent microscope (the wavelength 
eradiated is 490nm) 24-28h later. The result demonstrated that the generated rAAV viruses were 
infectious, by which exogenous genes could be introduced into cells for expression. 

Figure 1a illustration of genome structure of recombinant HSV1-rc/AUL2 
Figure 1b illustration of genome structure of recombinant HSV1-rc/AUL44 
Figure 2a structure of cos6-rc/AUL2 and the cosmid Set H combinations 
Figure 2b structure of cos56-rc/AUL44 and the cosmid Set I combinations 
Figure 3 structural illustration of pEBUF5 



What we claimed is: 

The present invention relates to the field of genetic engineering in virus, particularly to the 
replicating and packaging function system that are necessary for large production of recombinant 
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adeno-associated virus (rAAV). The invention relates to a method of producing recombinant herpes 
simplex virus (HSV1-rc) that is loaded with rep-cap genes (4.3kb) of type 2 adeno-associated virus 
(AAV-2) and the use thereof in the production of recombinant adeno-associated virus. 

1 . A strategy of the invention for preparing a helper virus HSV-rc that can provide the full-function 
needed for the replication and package of rAAV, with the characteristics that, gene manipulation is 
done on a set of cosmids (Set C) that contain the full-length genome of HSV-1, rep-cap genes are 
inserted into the genome fragment of HSV-1, the resulting cosmid is co-transfected with the other four 
cosmids into cells, and the recombinant HSV-1 that contains rep-cap genes is obtained. The 
recombinant virus can provide both helper virus function needed for producing rAAV and the function of 
rep-cap genes, and thus is a full-function helper virus for producing rAAV. 

2. Two HSV-rc constructed in the invention with that characteristics that, rep-cap genes are inserted 
respectively into the Xbal site in UL2 gene (encodes uracil-DNA glycosylase) and UL44 genes 
(encodes glycoprotein C) of HSV-1, and the obtained recombinant viruses are called respectively HSV- 
rc/AUL2 and HSV-rc/AUL4. 

3. Process for inserting rep-cap genes into the HSV-1 genome fragments loaded in cosmids. Taking 
advantage of the characteristic of one single enzyme cleavage site Xbal (locates respectively in UL2 
and UL44 genes) existing respectively in the HSV-1 genome fragment loaded in cos6 and cos56 
cosmids, rep-cap genes are removed from pSub201 by cutting with Xbal, and inserted into the site 
Xbal in cos6 and cos56 to construct recombinant cosmids cos6-rcAUL2 and cos6-rcAUL44. The two 
recombinant cosmids are preserved jn the strain of E. coli DH5a (MAX Efficiency DH5a, GIBCO#18258- 
012). The strains that respectively contain the two recombinant cosmids have been deposited in China 
General Mcirobiological Culture Collection Center on 24 th September 1998. The accession numbers 
are respectively CGMCC No.0361-1 and CGMCC No.0361-2. 

4. The strategy, HSV-rc, or process according to claims 1, 2, or 3, wherein rep-cap genes are inserted 
into the other parts of the genome of HSV-1 through gene manipulation on a set of cosmids that 
contain full-length genome of HSV-1, and the recombinant HSV-rc with different inserting positions are 
produced. 

5. The strategy, HSV-rc, or process according to claims 1, 2, or 3, wherein the recombinant HSV-rc 
with rep-cap genes being inserted into more than two positions. 

6. The method of producing rAAV by infecting the cell strain that contains rAAV vector element using 
the recombinant virus HSV-rc according to the present invention. 
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ABSTRACTS 



The present invention includes a method of producing recombinant herpes simplex virus (HSV1- 
rc) that is loaded with rep-cap genes of type 2 adeno-associated virus (AAV-2) and the usage thereof in 
the production of recombinant adeno-associated virus (rAAV). The recombinant herpes simplex virus 
can provide the complete helper functions that are necessary for rAAV plasmid to be replicated and 
packaged to be rAAV virus particles, and can be used in large preparation of rAAV. The production of 
HSV1-rc is carried out based on the modification for a set of cosmids (Set C cosmid, including cos6, 
cos14, cos28, cos48, cos56) that contain the full-length genome of rAAV virus particle. Firstly the rep- 
cap genes of AAV-2 are inserted into the genome of HSV-1 in one of the cosmids by recombinant DNA 
technology, for example inserted into the HSV1UL2 gene in cosmid 6 to construct cos6-rcAUL2, or 
inserted into the HSV1UL44 gene in cosmid 56 to construct cos56-rcAUL2. Then the recombinant 
cosmid that has been inserted rep-cap genes is cut with the other four corresponding cosmids together 
by enzyme to remove the backbone part of the cosmids, and transfected into HSV1 sensitive cells such 
as BHK-21 by the method of liposome. HSV1-rc is generated through homologous recombination 
among the five fragments of HSV-1 in the cells. Lots of infectious rAAV virus particles can be produced 
by using HSV1-rc to infect the cells transfected with rAAV vector plasmid or the cell strain that carry 
stably rAAV vector plasmid. Exogenous genes can be introduced into mammalian cells for expression 
by using rAAV thus produced. 



Construction of a series of universal adeno-associated virus vectors 

and uses thereof 

The present invention relates to the field of biotechnology. 

Gene therapy, developed since 1990s, a brand new model for treating diseases, introduces 
therapeutic genes into human body to exert therapeutic effects. At present, more than 300 clinical 
solutions for gene therapy have been approved all over the world, and hundreds of thousands people 
have received such therapy. And the subjects for gene therapy have extended from the original genetic 
diseases and tumor into cardio-vascular diseases, infectious diseases, and so on. 

The introduction of therapeutic genes into the cells of human body is the indispensable step, while 
suitable vectors are needed for the delivery of therapeutic genes. There are two kinds of vectors useful 
for the gene therapy, namely viral vectors and non-viral vectors. Among others, type 2 adeno- 
associated virus vector, a tiny virus defective in replication, is promising of being an ideal gene therapy 
vector due to its non-pathologic nature, abilities to infect cells post mitosis and integrate site-directedly 
into human chromosome 19, and so on, and thus are highly regarded in recent years in gene therapy 
researches. The conventional methods for preparing a recombinant adeno-associated virus (rAAV) 
carrying exogenous genes involve two plasmids: one is a vector plasmid carrying exogenous genes 
(i.e., therapeutic genes) expression cassette and AAV-2 inverted terminal repeats (ITR), in which ITR 
are the shortest cis-acting sequence; the other is a helper plasmid containing AAV-2 rep and cap 
genes, which provides trans-proteins necessary for the replication and package of rAAV. Co- 
transfection of these two plamids into the cell, followed by infection with helper virus (such as 
adenovirus or herpes simplex virus), would package a rAAV pseudovirus particle containing the 
exogenous genes. We have invented a full-function helper virus for large scale production of rAAV (CN 
Appl. No. 98120033.8), which simplified the production steps and increased the yields. 

The first step for preparation of rAAV needs the construction of a AAV vector plasmid carrying the 
therapeutic genes. At present, a conventional method for construction of a AAV vector plasmid starts 
from a plasmid comprising the whole genome of AAV-2 (e.g., Sub201), unloading the rep and cap 
genes therein, maintaining only the ITRs on the both ends, then assembling sequentially the promotor, 
therapeutic genes, and poly A singal, which is to be improved for complexed steps and high cost. 

The present invention simplifies the steps for constructing a AAV vector plamid carrying the 
therapeutic genes by providing a series of universal AAV vector plasmids and their construction 
method, as well as the methods for constructing a AAV vector plamid carrying the therapeutic genes by 
using said universal AAV vector plasmids. 

The present invention relates to the construction of a series of universal AAV vector plasmids, 
which include pWAV-1, pWAV-2, pSNAV-1 and pSNAV-2. The common character thereof lies in that 
each vector provides ITRs from both ends of type 2 AAV, cytomegalovirus (CMV) immediate early 
enhancer and promoter, polyclonal sites, and polyA singal. The present invention provides a method to 
construct AAV vectors carrying exogenous genes using said universal AAV vectors. AAV vectors 
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carrying exogenous genes can be used not only for the production of recombinant AAVs, but also 
directly as eukaryotic expression plasmid. Besides, each of pSNAV-1 and pSNAV-2 additionally 
comprises a neomycin resistant gene cassette. Accordingly, the present invention provides a method 
for establishing a cell strain that carries stably the AAV vectors by using the exogenous gene- 
containing pSNAV-1 or pSNAV-2. The present invention further provides a method for production of 
recombinant AAVs via "one vector cell/one hepler virus", that is to say, infecting AAV vector cell strain 
using a full-function hepler virus invented earlier by us (CN Appl. No. 98120033.8) to realize a large- 
scale production of recombinant AAVs. 

The original biological materials used in the invention are: 

pSub201 : a plasmid presented by Samulski laboratory containing the whole AAV-2 genome; 

pUCMA, a plasmid made prviously by the present iaboratorym, comprising CMV immediate early 
enhancer and promoter, polyclonal sites, and polyA; 

pCMV/HyTK, an eukaryotic expression plasmid comprising CMV immediate early enhancer and 
promoter, and a HyTK gene under the control thereof; 

pAV53, a AAV vector plamid carrying ampicillin resistant gene and E. coli replication origin; 

pSV2neo, an eukaryotic expression plasmid manufactured by Promega expressing neomycin 
resistant gene. 

pCMV-lacZ, an eukaryotic expression plasmid made prviously by the present Iaboratorym, 
comprising CMV immediate early enhancer and promoter, and a P-galactosidase gene under the 
control thereof; 

pCD2, a retrovirus vector plasmid comprising CMV immediate early enhancer and promoter, and 
an E. coli cytosine deaminase (CD) gene under the control thereof, as well as a neomycin resistant 
gene under the control of the SV40 early promoter. 

The host bacterium for the above plasmids is Escherichia coli MAX EFFICIENCY DH5a (GIBCO 
#18528-012) 

The construction and characters of the series of universal AAV vector plasmids 

The construction and characters of pWAV-1 

See fig. 1. Rep and cap genes from pSub201 were cut by Xba I to leave the backbone of the 
plasmid and the ITRs on both ends of AAV-2 genome. And the CMV immediate early enhancer and 
promoter, polyclonal sites, and polyA sequences were unloaded from pUCMA by Xbal, then loaded 
between the above two ITRs, resulting the recombinant AAV vector plasmid pWAV-1 . 

This vector comprises ITRs from both ends of AAV-2, between the two ITRs sequentially are CMV 
immediate early enhancer and promoter, chimeric intron, polyclonal sites, and polyA singal. Wherein, 
the CMV immediate early enhancer and promoter, together with the chimeric intron are 1.1kb long. 
Said chimeric intron is consisted of the 5' splicer donor sites of the first intron from human 0-globin, and 
the 3' splicer receptor sites of the variable region of heavy chain of immunoglobulin. Said chimeric 
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intron is placed upstream of the genes to be inserted, with the aim to splice mRNA precursor into 
mature mRNA at this site, as well as to prevent any possible splicing by a potential 5' splicer donor 
sites internal of the genes inserted. The polyclonal sites of said vector include such enzyme sites as 
Nhe I, Xho I, Pst I and BamH I, etc., which is convenient for the insertion of exogenous genes. The 
backbone of this plasmid is pEMBL, comprising the replication origin sequence necessary for 
replication in E. coli, as well as an ampicillin resistant gene. Since the maximal package limitation of 
rAAV is about 5kb, while said two ITRs, CMV immediate early enhancer and promoter, chimeric intron, 
polyclonal sites, and polyA singal are totally about 1.7kb, thus the length of exogenous genes that can 
be included is less than 3.3kb. 

The construction and characters of pWAV-2 

See fig. 2. HyTK gene was unloaded from pCMV/HyTK by double cut of Nhe I and Hind III, 
followed by recovery of the rest fragment of 2.9kb, with the sticky ends blunted by Klenow large 
fragment DNA polymerase and dNTP, then slef-ligated to constitute the recombinant pCMVPA. This 
pCMVPA was double cut by Xho I and BamH I to recover CMV and polyA fragment of 950bp. pAV53 
was double cut by Xho I and BamH I to unload ampicillin resistant gene and E. coli replication origin 
while maintaining the backbone of the plasmid as well as the ITRs from both ends of AAV-2, which is 
ligated with the above CMV and polyA fragment to yield pWAV-2. 

pWAV-2 also comprises ITRs from both ends of AAV-2, between the two ITRs sequentially are 
CMV immediate early enhancer and promoter, polyclonal sites, and polyA singal. The backbone of this 
plasmid contains the replication origin sequence necessary for replication in E. coli, as well as an 
ampicillin resistant gene. The polyclonal sites include Kpn I, EcoR I, Sal I, etc. The length of exogenous 
genes that can be included is less than 3.6kb. 

The construction and characters of pSNAV-1 

See fig. 3. Through a two-step cloning upon enzyme disgestion, blunting and re-ligation, the EcoR 
I and Bgl II sites were removed pSV2neo to yield pSV2neoAEAB. The LacZ expression cassette under 
the control of CMV promoter was cut from pCMV-lacZ by Xho I and BamH I, recovered, and then 
ligated into pAV53 between the ITRs resluted from double cut by Xho I and BamH I, forming the AAV 
vector plasmid pAV-LacZ carrying LacZ expression cassette. Said pAV-LacZ was cut by Bgl II to 
recover ITR-CMV-LacZ-ITR fragment, which was ligated at BamH I site into pSV2neoAEAB to form 
another AAV vector plasmid pSNAV-lacZ carrying LacZ expression cassette. Said pSNAV-lacZ was 
double digested by Xho I and BamH I to remove the LacZ expression cassette therein, which was 
replaced by CMV and polyA fragment obtained from pCMVPA upon double digestion of Xho I and 
BamH I, thereby resulted in the pSNAV-1 . 

pSNAV-1 comprises ITRs from both ends of AAV-2, between the two ITRs sequentially are CMV 
immediate early enhancer and promoter, polyclonal sites, and polyA singal. Besides, there is a 
neomycin resistant gene expression cassette under the control of SV40 promoter outside of the ITRs. 



3 



The backbone of this plasmid contains the replication origin sequence necessary for replication in E. 
coli, as well as an ampicillin resistant gene. The polyclonal sites include Kpn I, EcoR I, Sal I, Bgl II, etc. 
The length of exogenous genes that can be included is less than 3.6kb. 

The construction and characters of pSNAV-2 

See fig. 4. pCD2 was digested with Nhe I to unload CD-SV40-neo r region, which was then 
inserted in forward direction into the Nhe I site of pWAV-1, thereby resulted in pWCDN. Said pWCDN 
was enzyme digested with BamH I to unload SV40-neo r region, which was then assembled into the 
BamH I site of pWAV-2, thereby resulted in pSNAV-2. 

Between the two ITRs on pSNAV-2, sequentially exists CMV immediate early enhancer and 
promoter, polyclonal sites, polyA singal, SV40 early promoter, a neomycin resistant gene expression 
cassette, and polyA singal. The backbone of this plasmid contains the replication origin sequence 
necessary for replication in E. coli, as well as an ampicillin resistant gene. The polyclonal sites include 
Kpn I, EcoR I, Sal I, etc. The length of exogenous genes that can be included is less than 1.9kb. 

The above-mentioned four universal AAV vector plasmids are each preseved in Escherichia coli 
MAX EFFICIENCY DH5a (GIBCO #18528-012), which is subcultured at 37°C in LB medium containing 
50-100 pg/ml ampicillin. The bacterium containing the plasmid pWAV-1 is named as DH5a/pWAV-1 
(deposited under China General Mcirobiological Culture Collection Center with the accession number 
CGMCC No.0415.1). The bacterium containing the plasmid pWAV-2 is named as DH5a/pWAV-2 
(deposited under China General Mcirobiological Culture Collection Center with the accession number 
CGMCC No.0415.2). The bacterium containing the plasmid pSNAV-1 is named as DH5a/pSNAV-1 
(deposited under China General Mcirobiological Culture Collection Center with the accession number 
CGMCC No.0415.3). The bacterium containing the plasmid pSNAV-2 is named as DH5ct/pSNAV-2 
(deposited under China General Mcirobiological Culture Collection Center with the accession number 
CGMCC No.0415.4). 

The usage of the series of universal AAV vector plasmids 

For constmction of recombinant AAV vector plasmids carrying exogenous genes 
Depending on the size and the terminal enzyme restriction sites of the exogenous genes, 
selection can be made among pWAV-1, pWAV-2, pSNAV-1, or pSNAV-2 for loading. The specific 
procedure is to use restriction endonuclease corresponding to the polyclonal sites to cut the universal 
AAV vector plasmids, followed by ligation with exogenous genes treated by corresponding enzymes 
(e.g., T4 ligase), then using the resulted plasmid to transform competent E. coli. Upon screen of the 
recombinants, recombinant AAV vector plasmids carrying exogenous genes could be obtained. 

For preparation of recombinant AAV carrying exogenous genes 

Depending on the size and the terminal enzyme restriction sites of the exogenous genes, 
selection can be made among pWAV-1, 
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pWAV-2, pSNAV-1 r or pSNAV-2 for loading. The pWAV-1, pWAV-2, pSNAV-1, or pSNAV-2 loaded 
with exogenous genes was co-transfected into ceils together with a helper plasmid containing AAV-2 
rep and cap genes using liposome (or calcium phosphate, or eiectroperforation), followed by infection 
with helper virus (such as adenovirus or herpes simplex virus), thereby a rAAV pseudovirus particle 
containing the exogenous genes could be packaged. Alternatively, using the full-function helper virus 
invented by us (CN Appl. No. 98120033.8) to infect cells having been transfected by pWAV-1, pWAV- 
2, pSNAV-1, or pSNAV-2 loaded with exogenous genes, a rAAV pseudovirus particle containing the 
exogenous genes could also be packaged. 

pSNAV-1 or pSNAV-2 loaded with exogenous genes can be used to transfect cells using 
liposome or calcium phosphate, then screen cells on G418 pressure to give a G418 resistant cell, 
which is the recombinant AAV vector cell strain, this is because there is a neomycin resistant gene 
expression cassette in both pSNAV-1 and pSNAV-2. Using the full-function helper virus according to 
our invention to infect said cell strain, could package rAAV pseudovirus particles containing the 
exogenous genes. 

For expression of exogenous genes in eukarvotic cells 

Depending on the size and the terminal enzyme restriction sites of the exogenous genes, 
selection can be made among pWAV-1, pWAV-2, pSNAV-1, or pSNAV-2 for loading. Exogenous 
genes could be transiently expressed by transfecting mammal cells with pWAV-1, pWAV-2, pSNAV-1, 
or pSNAV-2 loaded with exogenous genes using liposome (or calcium phosphate, or 
eiectroperforation). pSNAV-1 or pSNAV-2 loaded with exogenous genes can be used to transfect 
mammal cells using liposome (or calcium phosphate, or eiectroperforation), then screen cells on G418 
pressure to give a G418 resistant cell, which can enable the stable expression of exogenous genes. 

EXAMPLES 

The usages of the series of universal AAV vector plasmids are specified in the following examples, 
which should not be construed as limitations for the contents of the invention. 

Example 1 Preparations of plasmid DNA 

Plasmid DNA were extracted by the method of alkaline lysis according to Molecular Cloning -A 
Laboratory Manual, 2 nd edition (Sambrook J. et al, 1986), and purified by the method of polyethylene 
glycol precipitation 

Example 2 pWAV-1 is used to load E. coli cytosine deaminase (CD) gene 

pCD2 was digested with Nhe I to unload CD-SV40-neo r region of 2.8kb, separated by 
electrophoresis, then recovered and purified using glassmilk. pWAV-1 was digested with Nhe I for 
linearization, then it was ligated to CD-SV40-neo r . Ligations were used to transform Escherichia coli 
MAX EFFICIENCY DH5a. The recombinants were identified by enzyme digestions, and a AAV vector 
plasmid pWCDN carrying E. coli cytosine 
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deaminase (CD) gene was screened. 

Example 3 pSNAV-1 is used to load green fluorescence protein (GPF) gene 

GFP was unloaded from pGreen Lantern-1 (purchased from GIBCO BRL) using Not I, and 
assembled Into Not I site of pCDNA2.1 (purchased from INVITROGEH) to form recombinant plasmid 
pcDNA2.1/GFP(+/-).The recombinant plasmid which had the opposite orientation between GFP 
transcription and T7 promoter was named pcDNA2.0/GFP(-). The pcDNA2.0/GFP(-) was double 
digested by EcoR I and Xho I to recover the fragment GFP, which was inserted into the site between 
EcoR I and Sal I in pSNAV-1 to construct pSNAV-1-GFP carrying GFP. The plasmid comprised in turn 
the following elements: ITR-CMV-GFP-SV40 polyA-ITR-SV40 promoter-neo-polyA-amp R -E.coli ori. 

Example 4 pSNAV-2 is used to load green fluorescence protein (GPF) gene 

The plasmid DNA PcDNA2.1 A/GFP(-) was double cut by Kpn I and Xho I to recover the fragment 
GFP, which was inserted into the site between Kpn I and Sal I in pSNAV-2 to construct pSNAV-2/GFP. 
The plasmid comprised in turn the following elements: ITR-CMV-GFP-SV40 polyA-SV40 promoter-neo- 
polyA-ITR-amp R -E.coli ori. 

Example 5 the establishment of recombinant AAV vector cell strian carrying green fluorescence 
protein (GPF) gene 

1.5 jig pSNAV-1-GFP and pSNAV-2-GFP were used individually to transfect 50% confluenced 
BHK-21 cells cultured in 6-well plate using 10 \i\ Lipofactamine (GIBCO BRL) according to the product 
description. Medium is changed after 24hrs t and cells were grown in 1640 medium (supplemented with 
10% fetal bovine serum) containing 400 pg/ml G418. The resulting resistant cells after about 10 to 15 
days are recombinant AAV vector cell strains carrying green fluorescence protein (GPF) gene. 

Example 6 the production of recombinant AAV-GFP by cotransfection of plasmids 

1.5 hq pSNAV-1-GFP (or pSNAV-2-GFP) was mixed with 3jig p AAV/Ad to transfect 80% 
confluenced BHK-21 cells cultured in 6-cm plate using 20 \i\ Lipofactamine (GIBCO BRL) according to 
the product description. Medium is changed every 5hrs, and cells were infected by type 5 adenovirus 
(MOI=2). Upon complete pathologic at 48-72hrs, the cells were disrupted for four times by freezing and 
thawing cycles, and cell debris were removed by low speed centrifugation, the supernatant was 
collected and subjected to heat at 56D to inactivate the helper virus, then stored at -20D until use. 

Example 7 the production of recombinant AAV-GFP by infecting AAV-GFP vector cell strain 
using full-function helper virus 

Full-function helper viruses at MOI of 0.1 were used to infect recombinant AAV vector cell strains 
carrying green fluorescence protein (GPF) gene established in Example 5. Upon complete pathologic 
at 24-48hrs, the cells and medium were subjected to four cycles of freezing and thawing, centrifuged at 
100rpm/min for 5 min, the resulting 
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supernatant contained lots of rAAV-GFP viruses. Thus infectious rAAV-GFP virus could be 
conveniently produced by such a process, and batch production of rAAV could be realized. 

Example 8 the transduction of cultured cells with recombinant AAV-GFP 

1 ml rAAV-GFP virus supernatant was removed, and added into cultured BHK cells (80% 
confluence), lots of green cells could be observed under fluorescent microscopy (light excited is of 490 
nm) after 24-48 hrs. It showed that rAAV thus produced is infectious, and capable of introducing 
exogenous genes into cells. 

Example 9 the transient expression of GFP in cells 

1.5 fig pSNAV-1-GFP (or pSNAV-2-GFP) was used to transfect 80% confluenced BHK-21 cells 
cultured in 6-cm plate using 20 \i\ Lipofactamine (GIBCO BRL), lots of green cells could be observed 
under fluorescent microscopy (light excited is of 490 nm) at 24 hrs. It showed that pSNAV-1-GFP (or 
pSIMAV-2-GFP) can express GFP in eukaryotic cells, and that both pSNAV-1 and pSNAV-2 could be 
used as eukaryotic expression vectors. 

ExamplelO the stable expression of GFP in cells 

1.5 \ig pSNAV-1-GFP and pSNAV-2-GFP were used individually to transfect 50% confluenced 
BHK-21 cells cultured in 6-well plate using 10 \i\ Lipofactamine (GIBCO BRL) according to the product 
description. Medium is changed after 24hrs, and cells were grown in 1640 medium (supplemented with 
10% fetal bovine serum) containing 400 vglm\ G418. The resulting resistant cells after about 10 to 15 
days are found to be green in color under fluorescent microscopy (light excited is of 490 nm), that is to 
say, GFP was expressed. GFP was continuously expressed with the passage of cells, which showed 
that both pSNAV-1 and pSNAV-2 could be used as eukaryotic expression vectors to mediate stable 
expressions of exogenous genes. 

Figure 1 construction illustration of pWAV-1; 
Figure 2 construction illustration of pWAV-2; 
Figure 3 construction illustration of pSNAV-1; 
Figure 4 construction illustration of pSNAV-2. 

What we claimed is: 

The present invention relates to the field of biotechnology, particularly to a series of universal 
adeno-associated virus (AAV) vector plasmids useful for gene transfer, gene therapy, and eukaryotic 
gene expressions. 
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1. Universal AAV vector plasmids pWAV-1 and pWAV-2 according to the present invention, 
characterized by comprising ITRs from both ends of type 2 AAV, between which ITRs sequentially are 
cytomegalovirus immediate early enhancer and promoter, polyclonal sites, and polyA singal. 

2. Universal AAV vector plasmid pSNAV-1 according to the present invention, characterized by 
comprising ITRs from both ends of type 2 AAV, between which ITRs sequentially are cytomegalovirus 
immediate early enhancer and promoter, polyclonal sites, and polyA singal, as well as a neomycin 
resistant gene cassette outside the ITRs. 

3. Universal AAV vector plasmid pSNAV-2 according to the present invention, characterized by 
comprising ITRs from both ends of type 2 AAV, between which ITRs sequentially are cytomegalovirus 
immediate early enhancer and promoter, polyclonal sites, polyA singal, and a neomycin resistant gene 
cassette. 

4. Universal AAV vector plasmids according to the present invention used to carry exogenous 
genes, characterized by insertion of said exogenous genes into the polyclonal sites of said universal 
AAV vector plasmids. 

5. Universal AAV vector plasmids according to the present invention used to produce recombinant 
AAVs carrying exogenous genes. 

6. Universal AAV vector plasmids according to the present invention used to establish cell strains 
stably carrying recombinant AAVs, said cell strains are characterized by comprising, stably integrated 
into their chromosomes, AAV ITRs and exogenous gene expression unit. 

7. Universal AAV vector plasmids according to the present invention used for eukaryotic cells for 
exogenous gene expression. 

8. Universal AAV vector plasmids according to claim 1, 2 or 3, wherein a SV40 early enhancer 
and promoter locates in front of the polyclonal sites. 

9. Universal AAV vector plasmids according to claim 1, 2 or 3, wherein the long terminal repeat 
region from genome of Rous sarcomas virus locates in front of the polyclonal sites. 

10. Universal AAV vector plasmids according to claim 1, 2 or 3, wherein the thydimine kinase 
promoter from herpes simplex virus locates in front of the polyclonal sites. 

1 1 . Universal AAV vector plasmids according to claim 2 or 3, wherein the selective marker gene is 
hygromycin resistant gene. 

12. Universal AAV vector plasmids according to claim 2 or 3, wherein the selective marker gene is 
dihydrofolate reductase gene. 

13. Universal AAV vector plasmids according to claim 2 or 3, wherein the selective marker gene is 
xanthine-guanine phosphoribosyl transferase gene. 

14. Universal AAV vector plasmids according to claim 2 or 3, wherein the selective marker gene is 
adenosine deaminase gene. 
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ABSTRACTS 



The present invention relates to the construction of a series of universal adeno-associated virus 
(AAV) vectors, which include pWAV-1, pWAV-2, pSNAV-1 and pSNAV-2. The common character 
thereof lies in that each vector provides ITRs from both ends of type 2 AAV, cytomegalovirus (CMV) 
immediate early enhancer and promoter, polyclonal sites, and polyA singal. The present invention 
provides a method to construct AAV vectors carrying exogenous genes using said universal AAV 
vectors. AAV vectors carrying exogenous genes can be used not only for the production of 
recombinant AAVs, but also directly as eukaryotic expression plasmid. Besides, each of pSNAV-1 and 
pSNAV-2 additionally comprises a neomycin resistant gene cassette. Accordingly, the present 
invention provides a method for establishing a cell strain that carries stably the AAV vectors by using 
the exogenous gene-containing pSNAV-1 or pSNAV-2. The present invention further provides a 
method for production of recombinant AAVs via "one vector cell/one hepler virus", that is to say, 
infecting AAV vector cell strain using a full-function hepler virus invented earlier by us (CN Appl. No. 
98120033.8) to realize a large-scale production of recombinant AAVs. 
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ABSTRACT Two cDNA doses for rat 
have been Isolated from a rat spleen cDNA library in Agtll by 
bnmnnoJogical screening using a specific polydonal antibody. 
One of these clones has an insert of 1530 nucleotides that 
contains the entire protein-coding region. To confirm that the 
isolated cDNA encodes heme oxygenase, we transferred mon- 
key kidney cells (COS-7) with the cDNA carried in a simian 
Tims 40 vector. The heme oxygenase was highly expressed in 
endoplasmic reticulum of transfected cells. The nucleotide 
sequence of the cloned cDNA was determined and the primary 
structure of heme oxygenase was deduced. Heme oxygenase Is 
composed of 289 amino adds and has one hydrophobic segment 
at its carboxyi terminus, which is probably important for the 
insertion of heme oxygenase into endoplasmic reticulum. The 
cloned cDNA was used to analyze the induction of heme 
oxygenase in rat liver by treatment with CoCJj or with hemic. 
RNA blot analysis showed that both CoClj and bemin increased 
the amount of bybridizable mRNA, suggesting that these 
substances may act at the transcriptional lerd to increase the 



The microsomal heme oxygenase plays an essential role in 
physiological heme catabolism (1, 2). Heme oxygenase 
catalyzes the oxidative degradation of heme to bfliverdin (1), 
which is subsequently converted to bilinibin by biliverdin 
reductase (3). In the rat, the activity of heme oxygenase is 
highest in the spleen, where senescent erythrocytes are 
sequestrated and destroyed (2). Other tissues such as bone 
marrow and liver also perform this function, especially in 
hemolytic states and after splenectomy (2, 4). Heme 
oxygenase is highly inducible by its substrate heme in kidney 
(2, 5), liver (2, 5), and macrophages (6-8). Heme oxygenase 
is also induced by various other substances such as metal ions 
(9, 10), endotoxin (11), and bromobenzene (12). 

We are particularly interested in the induction of heme 
oxygenase by heme, because heme (ferrous protoporphyrin 
IX) is an essential component of hemoglobin and of other 
hemoproteins. Furthermore, hemin (ferric chloride proto- 
porphyrin IX) has interesting biological properties such as 
stimulation of neurite outgrowth (13), promotion of adipocyte 
differentiation (14), and stimulation of globin mRNA accu- 
mulation in erythroleukemic cells (15, 16). Previously, we 
demonstrated that hemin increased the levels of functional 
mRNA for heme oxygenase in cultured pig alveolar macro- 
phages (17) and in rat liver (18), suggesting that hemin acts at 
the transcriptional level to increase the amount of heme 
oxygenase. To understand the molecular mechanisms of 
induction of heme oxygenase, it is essential to know the 
structure of the gene for heme oxygenase. 

In this study, we have isolated cDNA clones for rat heme 
oxygenase by antibody screening, and we have confirmed 
that our cDNA actually encodes heme oxygenase by express- 

The publication costs of this article were defrayed in part by page charge 
payment. This article must therefore be hereby marked "advertisement" 
in accordance with 18 U.S.C. 11734 solely to indicate this fact. 



ing cDNA in monkey kidney cells. We determined the 
nucleotide sequence of the cloned cDNA and deduced the 
amino acid sequence of heme oxygenase. 

MATERIALS AND METHODS 

Preparation of RNA. Total RNA was prepared from rat 
spleen by the method of Chirgwin et aJ. (19). PolyXA)* RNA 
was isolated by o!igo(d1>cellulose chromatography (20). 

Construction of cDNA Expression Library and Antibody 
Screening. cDNA was synthesized from 10 fig of rat spleen 
poly(A)* RNA and converted to double-stranded cDNA by 
using RNase H and DNA polymerase I (21). Double-stranded 
cDNA was methylated at internal £coRI sites with £coRI 
methyiase (22). Addition of EcoBl linkers and ligation to 
Agtll DNA (23, 24) was carried out as described by 
Schwarzbauer et al. (25). After in vitro packaging (Amer- 
sham), the recombinant phage were plated on Escherichia 
coli strain Y1090 (24, 25) and incubated at 37°C for 6 hr with 
2 mM isopropyi 0-D-thjogalactopyranoside. Each plate was 
then overlaid with a nitrocellulose filter and incubated for 12 
hr at 37T. The filters were air dried, washed with 50 mM 
TrisHCl, pH 7.5/150 mM Nad (TBS) and treated with TBS 
containing 3% bovine serum albumin for 1 hr at room 
temperature. The following procedures were performed at 
room temperature unless otherwise indicated. The filters 
were washed with TBS containing 0. 1% Triton X-100 (TBST) 
and treated with rabbit anti-rat heme oxygenase IgG (18) for 
2 hr in TBST containing 3% bovine serum albumin. For 
reducing the background, anti-rat heme oxygenase IgG was 
treated with bacterial extracts at 4°C overnight, and any 
precipitate was removed by centrifugation. Then, the filters 
were washed extensively with TBST and treated with ^I- 
labeled protein A (Amersham) in TBST containing 3% bovine 
serum albumin for 1 hr. Filters were washed with TBST, air 
dried, and autoradiographed overnight at -70°C with inten- 
sifying screens. 

Subdonlng and Sequencing of cDNAs. The EcoRl inserts of 
positive phage clones (\RH02 and XRH06) were purified, 
ligated into £coRI-cleaved pUC8 plasmid, and used to 
transform E. coli HB101. To detect the fusion protein in 
bacterial colonies by antibody, E. coli DH-1 was used for 
transformation (26). The subcloned DNA fragments were 
used for further analysis, and nucleotide sequences were 
determined by the method of Max am and Gilbert (27). 

Cloning of FuD-Length cDNA for Heme Oxygenase. A 
cDNA library was constructed by the method of Okayama 
and Berg (28) using 2.0 n% of rat spleen poly(A) + RNA and 
screened with 32 P-labeled Dde I(93)/Z>tf> 1(240) fragment as 
a hybridization probe. The numbers in parentheses, shown 
together with restriction enzymes, indicate the 5 / -terminal 
nucleotide generated by cleavage (see Fig. 1). All DNA 

♦Present address: Department of Biochemistry, Yamagata Univer- 
sity School of Medicine, Zao, Yamagata 990-23, Japan. 
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probes used in this study were labeled with [o> ,2 P]dCTP by 
the method of Feinberg and Vogelstein (29). 

Construction of Expression Plasmlds Carrying Heme 
Oxygenase cDNA, The expression vector pKCRH2 (30) was 
linearized by digestion with Hindm and single-stranded ends 
were filled in by treatment with DNA polymerase I (Klenow 
fragment, Boehringer Mannheim). The resulting blunt ends 
were used for ligation with the following inserts: (0 Xho 
I(-59)/tfi«din(971) fragment isolated from pRHOl; {it) 
£coRI(88)/£coRI(1429) fragment derived from XRH06. 
Both ends of each fragment were converted to blunt ends 
before ligation. Recombinant plasmids were cloned in E. coli 
HB101 and plasmids for each insert with opposite orientation 
were isolated. The pKCRH021 thus obtained carries the Xho 
I(-59)//f//tdni(971) fragment in the same orientation with 
respect to simian virus 40 early gene transcription. pKCR- 
H021 -anti contains the same insert as pKCRH021 but in the 
opposite orientation. pKCRH07 has the £coRI(88)/£coRI- 
(1429) fragment in the same orientation with respect to simian 
virus 40 early gene transcription. 

Transfectton of COS-7 Cells and Assay of Heme Oxygenase. 
COS-7 cells (31) were maintained in Dulbecco's minimal 
essential medium containing 2.5% fetal calf serum and 2.5% 
newborn calf serum (32). Confluent cells, seeded in 140- mm 
dishes, were fed with medium 4 hr before addition of plasmid 
DNA. Plasmid DNA (60 /ig per dish) was used to transfect 
COS-7 cells by the calcium phosphate method (33, 34). After 
a 48-hr incubation, cells were collected and stored at -70°C 
until assay for heme oxygenase. Thawed cells were disrupted 
by sonication and pellets (microsomes) were prepared by 
centrif ugation at 105,000 x g (8). The microsomes were 
suspended in 50 mM potassium phosphate buffer, pH 
7.4/0. 1% Triton X-100, and assayed for heme oxygenase (35). 
One unit of the enzyme was defined as the amount catalyzing 
the formation of 1 nmol of bilirubin per min. Protein amount 
was determined by using commercial reagent (Bio-Rad). 



RNA Blot Analysis. Total RNA was prepared from untreat- 
ed rat liver and from liver treated with hemin or with CoCl 2 . 
Administration of these reagents to rats was carried out as 
described (18). Total RNA (10 p%) was denatured (36), 
electrophoresed on a 1.1% agarose gel containing 1 M 
formaldehyde, transferred to a nitrocellulose filter, and 
hybridized with 32 P-labeled EcoRJ fragment (nucleotide res- 
idues -23 to 87) derived from XRH02. The size markers were 
rat rRNA and £. coli rRNA (37), 

RESULTS AND DISCUSSION 

cDNA Cloning. Heme oxygenase represents ~0.33% of 
total peptides synthesized on free polysomes isolated from 
pig spleen (38). Therefore, rat spleen poly(A) + RNA was used 
to construct cDNA libraries. From ~8 x 10* cDNA clones in 
a \gtll expression library, two phage clones, XRH02 and 
XRH06, were isolated by antibody screening (Fig. 1). EcoRI 
sites at both ends of XRH06 were produced by the addition 
of £coRI linkers. The 3' EcoRI site was produced in the 
poly(dA) tract located 5 residues downstream from nucleo- 
tide residue 1429 (see Fig. 3). Thus, the clone ARH06 
contains 1530 nucleotides, except for linker sequences, as 
well as 5 residues of poly(dA) tract. For convenience, we 
indicate the 5' and 3' ends of XRH06 as £coRI(-101) and 
£coRI(1429), respectively. Clone XRH02 contains the insert 
of 110 nucleotides (nucleotide residues -23 to 87) except for 
a part of linker sequence at its 5' end. The 5' end of XRH02 
is indicated as £coRI(-23). Apparently \RH02 is derived 
from the cDNA in which the internal EcoKl site was not 
protected by EcoES methylase against £coRI digestion. For 
further analysis, three EcoRl fragments excised from both 
phage clones were subcloned in pUC8 plasmid. 

Because XRH06 is not a full-length cDNA in comparison 
with the estimated size of mRNA («1800 nucleotides) by 
RNA blot analysis (see Fig. 5), we constructed another 
cDNA library by the method of Okayama and Berg (28), and 
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Fia. 2. Structure of expression plasmid carrying cONA for heme 
oxygenase and expression of heme oxygenase in transfected COS-7 
cells. (A) Schematic representation of expression plasmid pKCRH021. 
The origin of the segments is shown on the inner circle. The protein- 
coding region of heme oxygenase cDNA U indicated by an open box and 
its 5' and 3' noncoding regions are shown by dosed boxes. pKCRH02 
is represented the same way as in the original paper (30). Cross-hatched 
boxes, simian virus 40 (SV40) sequences; stippled boxes, exonic 
sequences of rabbit 0-globin gene; solid heavy line, introntc sequence 
of rabbit 0-gk>bin gene; slashed box, its 3' flanking sequence. The 
segment derived from plasmid pBR327 is indicated by solid line. 
Transcription occurs clockwise, HindUL sites, marked with closed 
circles, were converted to blunt ends and used to construct pKCRH021 
as well as pKCRH021-enti and pKCRH07. (J7) Expression of heme 
oxygenase in transfected COS-7 cells. After transection with the 
indicated plasmid, microsomal fractions were prepared for assay of 
heme, oxygenase. Basal activity was measured in untransfected cells 
(indicated as none). For comparison, activity of rat spleen was included. 



we screened the library with the Dde I(93)/Z)d> 1(240) 
fragment as a hybridization probe. From ~3 x 10 3 transform- 
ants, we isolated pRHOl, which contains 1557 nucleotides 
excluding the dG tail and the po!y(dA) tail («150 residues) 
(Fig. 1). 

Expression of Heme Oxygenase cDNA in COS-7 Cells. As the 
amino acid sequence of heme oxygenase is not known, we 
sought to confirm that the isolated cDNA actually encodes 
heme oxygenase. Consequently, we transfected COS-7 cells 
with the expression vector pKCRH2 (31) containing our 
cDNA, and then we measured the activity of heme 
oxygenase. COS-7 cells have endogenous heme oxygenase 
activity and this basal activity did not change after 
transfection with plasmid pKCRH2 (Fig. IB). Accordingly, 
we used the activity of heme oxygenase in cells transfected 
with pKCRH2 as a control. 

The structure of the expression plasmid pKCRH021 is 
indicated in Fig. 2A. The pKCRH07, carrying the EcoKL- 
(88)/£coRI(1429) fragment, lacks the ammo-tenninal seg- 
ment of heme oxygenase (amino acid residues 1-29) (Fig. 3). 
The cells transfected with pKCRH07 have the same activity 
of heme oxygenase as the control value (Fig. IB). In contrast, 

5' AC -127 

AGTCCCCACTC«:CTCCACA<*TTCCGCCTCCAACCA«:<» - 67 

AGCCATCTC<^CCC«CCCC«>CCCTGXACCCA<XCGAGCCAGCCT(^ACTAC^CCACT - 7 
-11 

CCCGCGAK^«:GeCCAaiCCTCGACA<X>TCTCCC^ 54 
H«tCluAt^ProClnL«uAjp5otM«tS«cClftA*pL«uS*rCluAl«LtuLy« 
1 10 
CAGCCCACCAAW^CCTCCACATCCGTGCAXlfcGAATTCTCAGTTCAT^CCyUkCTTTCAC 1 J 4 
CluAlaThrLyaCluValBiallaArflAlaCluAanStrGluPhaKatAcaAanPbeCln 

20 30 
AACCCTCACCTCTCCAGCGAACCCTITAAtxrrcCTGATGCCCTCCTTCTACCATATCTAT 174 
tyaGl yC 1 n V» 1 S*r A r qC 1 uCl yPh.Ly «L«u Vi lMt tA 1«S« r LauTy r B la 11 aTy t 

40 50 
ACCOCCCTCGAAGAGGACATACAGCCAAACAACCAGAACCCACTCTATCCCCCCCTCTAC 234 
TbcAlaUuClitCluGluIlvClwAr9A«nLyaClnAsnProV«lTyrAUProt«DTyr 

tO 70 
TTCCCtttGGAGCKraCCGAAGCCCTGCCCTACACOGCAtt 294 
PheProCluClul4uBlsAr^rgAlaAlal*uGluGlnAapflttAlaPheTrpTycGly 

B0 90 
CCCCACTCGCAGCAGCCCATCCCTTACACACXACCI^CACACCACTACCTAAAGCCTCTC 354 
ProBiaTrpGlnGluAlallaProTyrThrPraAlaThrGlnBiaTyrVallyaArgLeu 
100 no 

CACGAGCTCGCAGCTACTCATCCTCACCTGCTGCT<»CCU^ 414 
BlaGluValClyGlyThrBlaProGluLauLcuValAlaBiaAlaTyrTbrArgTyrLao 

120 130 
CCTGACCTCTCAGCGGCTCAGCTCCTCAAGAAGATTCCGCAGAAGCCCATCGC CTTCCC A 474 
GlyA«pt«uS*rGlyGlyGlnValL«uLysLysIlcAliGlnLy«AlaflthtAlaL«uPro 

SerS*rGlyGluClyl^uAlaPbcPh«ThrPh«ProSatIUA*pA^nP^Th"y^h« "* 
AAACACCTCTATCCTCCTCXXATGAACACTCT«^GAT<^CCCCCGAC<^^AOCACACC 594 



_ JCTCT TTCA GGAGCTCCAC 
ValThrGluCluAl«LyaThcAlafhaL«uL«uA4inliaGlut«uPh«GluClal«uGln 

200 210 
GCACTGCTGACAGAGGAACACAAAGACCAGAGTCCCTCACACACAGAGTTTCTTCGCCAG 
Al«L«uL«uThrGluGluBlaLyaAapGlaS«rProS«rGlnThrGluPbtL«uAr9Gln 

A GGC CTCCT A GCCTGCTTCAAGA TACT A CCTCTGCAGAGA CCCCCCCACCAAAA TC CCAG 
A r gP r OA laSe r hraVa 1G InAapTh rTh r S« r A 1 * c 1 uTh rProA rgGl yLyaSe r Gin 

AICAGCACTACTTCATCCCAGACACCGCTCCTGCGATOGCTCCTCACACTCAGTTTCCTG 
Il*S»rTbrStfStfSarGlnrhrPfo L«<tl^«oAtgTrpValL*uThrLau8arPhaLat) 



GTGAACTCTGTCTCATGTAG< 



lACAATCTTGCCTGCC TCTCT TTT 
PCCTTTCTCT 

CI^TGCAATGCAACGAGATGCCTGGCACATTTCCCTCACCAAAAGCACAGCCAGGGCCCT 



a-AGTCGGCCTCCATGTTCACTGACCATGACT 
GCTTTCCCCCAGCCTCATCCCCACTTTCATATCAGTCTCCACAGATTTTCTOTCTTGTGT 
rrCTCTCTT OTTniVn ATTTCCCCAGTTCTACCACTOT aatgcta ttttttctt c tat 
CGATT O l 1 1 1 i ' l 1 ATTCTAACCAACTAGCCCTGTCTTTTGAGCCCTCCCTGCTATTTAAT 
AATTCTAACCTT C CTC TC TAACTTCTGTCTCAAATAATftA^TGGCATTATCTAAT- - J« 



954 
1014 
1074 
1134 
1194 
1254 
1314 
1374 
1429 



Flo. 3. Nucleotide sequence of cDNA for rat heme oxygenase 
and its deduced amino acid sequence. The nucleotide sequence of the 
message strand is shown. Nucleotides are numbered in the 5' to 3' 
direction and numbers are shown on the right side of the sequence. 
Nucleotide residue 1 is the A of the initiating methionine codon ATG, 
and the nucleotides on the 5' side of residue 1 are indicated by 
negative numbers. The deduced amino acids are shown below the 
nucleotide sequence and are numbered beginning with the initiating 
methionine. The putative membrane segment and the polyadenylyla- 
tion signal, AATAAA (39), are underlined. The poJy(dA) tract (-150 
residues) is not included. 
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